Assessment of radiological hazards in the industrial effluent disposed soil with statistical analyses  by Senthilkumar, R.D. & Narayanaswamy, R.
w.sciencedirect.com
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 4 4 9e4 5 6HOSTED BY Available online at wwScienceDirect
Journal of Radiation Research and Applied
Sciences
journal homepage: http : / /www.elsevier .com/locate/ j r rasAssessment of radiological hazards in the
industrial effluent disposed soil with statistical
analysesR.D. Senthilkumar a,*, R. Narayanaswamy b
a Department of Mathematics and Applied Sciences, Middle East College, Oman
b Department of Physics, Annamalai University, Annamalai Nagar, Tamilnadu, Indiaa r t i c l e i n f o
Article history:
Received 29 January 2016
Received in revised form
21 July 2016
Accepted 29 July 2016
Available online 12 August 2016
Keywords:
Radioactivity
Gamma ray spectrometer
Radiological hazards
Radium equivalent
Absorbed dose rate
Hazard indices
Excess lifetime risk
Industrial effluents* Corresponding author.
E-mail address: senthil@mec.edu.om (R.D
Peer review under responsibility of The E
http://dx.doi.org/10.1016/j.jrras.2016.07.002
1687-8507/Copyright© 2016, The Egyptian Soc
open access article under the CC BY-NC-ND la b s t r a c t
Soil is the most important source of natural radiation which can pass on to the food chain
and the air, contributing to the internal dose received by the population. Human activities
can modify the natural concentrations of radionuclides by the release of residues or ef-
fluents to the environment, which cause the accumulation of radioactive elements. In this
study, the radiological hazard parameters due to the natural radioactivity, such as, Radium
equivalent activity (Ra_eq), Representative level index (RLI), Activity utilization index (AUI),
Absorbed dose (D), Annual Effective Dose equivalent (AEDE), Annual gonadal dose equiv-
alent (AGDE), External hazard index (Hex), Internal hazard index (Hin) and Excess lifetime
cancer risk (ELCR) are assessed from the sugar industrial effluent disposed soil. The
calculated radiological parameters are compared with that of soils around different in-
dustries across the world. The recorded average value of AUI and ADGE is 0.713 and
316.72 mSv/y, respectively, are higher than the globally approved values (0.07 and 300 mSv/y,
respectively). Further, the average values of RLI and ELCR are closer to the world average
values. The Pearson correlation analysis and cluster analysis are employed to analyse the
data and identify the existing relationships between the radiological hazard parameters
with the natural radionuclides.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
People are exposed to natural radiation on a daily basis
as our planet earth is radioactive. More than 60 naturally
occurring radioactive materials are found in soil, water
and air. These radioactive elements are classified into the
following categories:. Senthilkumar).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecom1. Primordial e from the creation of earth.
2. Cosmogenic e formed as a result of cosmic ray (from sun
and outer space) interactions with earth's atmosphere.
3. Human produced e enhanced or formed due to human
activities.
In recent years, the source of radioactive elements in soil,
water and air is considerably increased by various humanion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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wastes and industrial effluents to the environment, etc.
Wastes associated with various industrial activities were
enhanced levels of natural radioactivity (Hilal, Attallah,
Gehan, & Fayez-Hassan, 2014). Hence people can be exposed
to radiation either externally by a close source of radiation or
exposed internally by radioactive material that has entered
the body. Soil not only acts as a source of continuous radiation
exposure to humans but also as a medium of migration for
transfer of radionuclides to biological systems (Mehra,
Badhan, Sonkawade, Kansal, & Singh, 2010). Hence, the basic
indicator of radiological contamination in the environment is
the soil.
The particular area in Sethiyathope (11.2600 N, 79.3200 E),
Tamilnadu, India, has been identified as contaminated by
heavy metals and toxic chemicals (Senthilkumar &
Narayanaswamy, 2002; Senthilkumar, Narayanaswamy, &
Sriramachandrasekaran, 2002) due to the continuous
disposal of industrial effluent. In this study, an attempt has
been made to assess the various radiological hazard indices
and discuss them with statistical analyses. This is an exten-
sion of previous study which is briefed in Section 2 of this
article. The results of this study will offer necessary infor-
mation in the monitoring of environmental contamination
and provide appropriate protection guidelines to the public
living around the area studied.2. Previous study
In my earlier study (Senthilkumar, Narayanaswamy, &
Meenakshisundaram, 2012), heavy metal concentration and
activity concentration of natural radioactive elements in the
effluent disposed soil at Sethiyathope are reported. This study
revealed thatmean concentration of 232Th activity is higher by
1.33 times compared to that of world average value, while the
concentration of 232U and 40K are found lower than the world
average values. Furthermore, the mean activity of 232Th and
238U were found higher compared to the Indian average value
by 1.55 times and 2 times, respectively. A moderately good
correlation between the heavy metals presented in the soil
samples and the 232Th activity was observed. As a continua-
tion to the previous study, the various radiological hazard
indices including excess lifetime cancer risk are presented in
this article. In addition to that, an attempt has made to iden-
tify the relations among various radiological parameters using
multivariate statistical method.3. Materials and methods
3.1. Sample collection and preparation
Twenty-two sampling sites have been selected across the
polluted area. Soil samples were collected according to the
standard procedures (Baeza, Del Rio, Miro, & Paniagua, 1992)
and they were labelled as S1eS22. To find the radioactivity
levels, the samples were dried in an oven at 110 C till a con-
stant dry weight was obtained. Then these samples were
powdered and sieved through a 150-mmmesh. The processedsoil samples were packed in a 250 ml plastic container to its
full volume with uniformmass. These containers were sealed
hermetically and also sealed externally to ensure that all the
daughter products of uranium and thorium and in particular,
radon isotopes formed do not escape. A time of 30 days was
allowed after packing to attain secular equilibrium between
226Ra and its short-lived daughter products. The net-weight of
each sample was determined before counting. To reduce the
contribution from background radiation while recording the
spectrum in the laboratory, the samples were kept in a lead
shield, which has a shielding efficiency of 95% (Beck, 1972).
3.2. Radioactive measurements
The gamma-ray spectrometer was used to determine the ac-
tivity of the radionuclides, 238U, 232Th and 40K. A sodium iodide
[NaI(Tl)] crystal detector of 300  300size combined with an 8 k
multi-channel analyser (model PCA-II) was used to record the
gamma-ray spectra. The detector was shielded by 15 cm thick
lead on all four sides and 10 cm thick on top to reduce back-
ground due to cosmic ray component by almost 98%. The
inner sides of lead shielding are lined by 2mm thick cadmium
and 1 mm thick copper to cut off lead X-rays and cadmium X-
rays respectively. This graded lining shield further reduces the
background especially in the low energy region. The energy
resolution of Standard International Atomic Energy (IAEA)
sources were used for calibrating the gamma-ray spectrom-
eter. The soil samples were placed on the top of 300  300 NAI
(T1) crystal. Count spectra were obtained for each sample
using gamma ray spectrometer and multichannel analyser.
The counting time for each sample was 20,000 s. From the
counting spectra, the activity concentrations of 238U, 232Th,
and 40K were determined using computer program. The peak
corresponds to 1.461 Mev (K-40) for 40K, 1.765 Mev (Bi-214) for
238U and 2.615 Mev (Ti-208) for 232Th were considered for the
activity concentration (Bq/kg) measurement.
3.3. Mutivariate statistical analysis
To identify the privity of various parameters obtained from
natural radionuclides, multivariate statistical analyses (Pear-
son's correlation analysis, and cluster analysis) have been
carried out using the statistical software package “Statistical
Program for Social Science (SPSS)”.4. Results and discussion
4.1. Activity concentrations of 238U, 232Th and 40K
Table 1 lists the concentration of natural radioactive elements
determined in the soil samples. The activity concentration of
238U, 232Th, and 40K range from 20.28 to 24.72 Bq kg1,
37.3e43.2 Bq kg1, and 220.9e270.3 Bq kg1, respectively. The
world average concentration of 238U, 232Th and 40K is 35, 30
and 400 Bq kg1, respectively (UNSCEAR, 1988). When
comparing the activity concentration of radionuclides with
the world average value, 232Th is higher by a factor of 1.33
whereas both, 238U and 40K, are lower by a factor of 0.62. It is
noticed from the results that activity concentration values are
Table 1 e Activity concentration of selective radionuclides and radiological parameters in the effluent disposed soil.
Sampling
site
Activities in Bq/kg Ra_eq
in Bq/kg
RLI Dose rate
(D) (nGy/h)
AUI AGDE
(mSv/y)
AEDE (mSv/y) Hazard indices ELCR
mSv238U 232Th 40K Outdoor Indoor H_ex H_in
1 24.33 37.3 270.3 98.48 0.715 45.041 0.698 315.97 0.055 0.221 0.266 0.332 0.19
2 23.32 39.5 255.75 99.50 0.721 45.297 0.714 317.47 0.056 0.222 0.269 0.332 0.19
3 21.2 43.2 232.65 100.89 0.728 45.589 0.737 319.14 0.056 0.224 0.272 0.330 0.20
4 20.28 39.3 245.65 95.39 0.692 43.350 0.682 304.07 0.053 0.213 0.258 0.312 0.19
5 23.54 39.3 249.62 98.96 0.716 45.022 0.713 315.39 0.055 0.221 0.267 0.331 0.19
6 22.34 39.1 247.57 97.32 0.705 44.261 0.699 310.21 0.054 0.217 0.263 0.323 0.19
7 23.45 40.3 220.9 98.09 0.707 44.387 0.722 310.28 0.054 0.218 0.265 0.328 0.19
8 24.72 39.6 255.85 101.05 0.731 46.008 0.728 322.25 0.056 0.226 0.273 0.340 0.20
9 20.58 39.2 260.62 96.70 0.703 44.053 0.685 309.28 0.054 0.216 0.261 0.317 0.19
10 22.72 38.5 265.57 98.22 0.714 44.825 0.697 314.52 0.055 0.220 0.265 0.327 0.19
11 23.2 41.2 258.45 102.02 0.739 46.381 0.733 325.06 0.057 0.228 0.276 0.338 0.20
12 21.23 40.2 253.85 98.26 0.713 44.675 0.703 313.35 0.055 0.219 0.265 0.323 0.19
13 24.5 39.1 239.65 98.87 0.714 44.929 0.718 314.39 0.055 0.220 0.267 0.333 0.19
14 23.72 41.3 270 103.57 0.751 47.163 0.740 330.71 0.058 0.231 0.280 0.344 0.20
15 23.54 41 265.55 102.62 0.744 46.713 0.735 327.50 0.057 0.229 0.277 0.341 0.20
16 20.45 40.3 256.85 97.86 0.711 44.500 0.697 312.30 0.055 0.218 0.264 0.320 0.19
17 22.28 38.1 266.75 97.30 0.707 44.429 0.688 311.86 0.054 0.218 0.263 0.323 0.19
18 24.2 37.2 239.55 95.84 0.693 43.638 0.693 305.49 0.054 0.214 0.259 0.324 0.19
19 21.75 40.2 252.75 98.70 0.716 44.869 0.707 314.61 0.055 0.220 0.267 0.325 0.19
20 22.2 41.2 232.65 99.03 0.715 44.843 0.722 313.87 0.055 0.220 0.267 0.327 0.19
21 23.55 40.4 259.55 101.31 0.734 46.105 0.727 323.14 0.057 0.226 0.274 0.337 0.20
22 24.45 42.3 269.45 105.69 0.766 48.081 0.759 336.97 0.059 0.236 0.285 0.352 0.21
Min 20.28 37.2 220.9 95.39 0.692 43.350 0.682 304.07 0.05 0.21 0.258 0.312 0.19
Max 24.72 43.2 270.3 105.69 0.766 48.081 0.759 336.97 0.06 0.24 0.285 0.352 0.21
AVG 22.80 39.9 253.16 99.35 0.720 45.189 0.713 316.72 0.06 0.22 0.268 0.330 0.19
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observation has been reported by Inigo Valan, Mathiyarasu,
Sridhar, Narayanan, and Stephen (2015). In the earlier study,
a good correlation was found between 232Th and heavy
metals, namely, Fe, Mg, Pb, Ni and Zn, which are part of the
thorium bearing minerals such as Thorlanite, Yttrocrasite,
Zirkelite, Brammerire-thorutite series and Polymignite. So
this might be one of the reasons that the activity concentra-
tion of 232Th is higher than the concentration of 238U in the soil
samples (Senthilkumar et al., 2012). Higher activity concen-
tration of 40K compared with that of 238U and 232Th might be
due to the higher silica content that generally occurs in the
soils (Navarrete, Zuniga, Espinosa, & Golzarri, 2014). Fig. 1Fig. 1 e Activity concentratshows the sampling sites and activity concentration (%) of
238U, 232Th, and 40K.
4.2. Radium equivalent (Raeq)
Radium equivalent activity index in Bq/kg is the universally
accepted index for analysing the radiation exposure created
by the primordial radionuclides. The radium equivalent al-
lows us to describe the gamma output fromdifferentmixtures
of uranium, thorium, and 40K in soil samples from the study
area and it is calculated by the formula (Orgun et al., 2007),
Raeq

Bq kg1
 ¼ ðCU þ 1:43CTh þ 0:077CKÞ (1)ion of 238U, 232Th, 40K.
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of 238U, 232Th, and 40K in Bq kg1, respectively. The calculated
radium equivalent activity (Raeq) are given in Table 1 and it
ranges from 95.39 Bq kg1 to 105.69 Bq kg1 with a mean value
of 99.35 Bq kg1. The values from all the sampling sites are
very low when compared to the maximum permissible
radium equivalent index of 370 Bq kg1 (Beretka & Mathew,
1985).5. Evaluation of radiological hazard effects
Depending upon the activity concentration of primordial
radioactive elements, various radiological hazards delivered
to the surrounding living biota can be assessed. The values of
all radiological hazards measured are presented in Table 1.
5.1. Representative level index (RLI)
Representative level index is the level of gamma radioactivity
associated with different concentrations of some specific
radioactive elements which can be measured using (Alam
et al., 1999) the following formula,
RLI ¼ 1
150
CU þ 1100CTh þ
1
1500
CK (2)
where CU; CThand CK are the activity concentrations of
238U,
232Th, and 40K in Bq kg1, respectively. The RLI values
measured for all the soil samples are provided in Table 1 and it
varies from 0.692 to 0.766 with the average of 0.720. The
maximum limit for RLI is 1 (Alam et al., 1999) and when it is
compared with the present study, RLI of most of the samples
are closer to the maximum limit.
5.2. Activity utilization index (AUI)
The dose rates in air from different combinations of 238U,
232Th, and 40K (Bq kg1) in soil samples and by applying the
suitable conversion factors, activity utilization index (AUI) is
calculated from the following relation (El-Gamal, Nasr, & El-
Taher, 2007)
AUI ¼ CU
50
fU þ CTh50 fTh þ
CK
500
fK (3)
where, CU, CTh and CK are the activity concentrations of
238U,
232Th, and 40K in Bq kg1 in soil samples, respectively, and fU
(0.462), fTh(0.604) and fK(0.042) are the respective fractional
contributions from the actual activities of 238U, 232Th, and 40K
to the total dose rate in air (Chandrasekaran et al., 2014). Table
1 lists the AUI values calculated in this study and its range
from 0.682 to 0.759. This value shows that AUI <2, which
means that annual effective dose <0.3 mSv/Y (El-Gamal et al.,
2007).
5.3. Absorbed dose rate (D)
Radiation damage to tissue and/or organs depends on the
dose of radiation received or the absorbed dose. The absorbed
dose of radiation is the energy imparted per unit mass of the
irradiated material. The measured activity concentrations of238U, 232Th, and 40K are converted into doses by applying the
conversion factors 0.462, 0.604 and 0.0417 for uranium,
thorium and potassium, respectively (UNSCEAR, 2000). The
total absorbed dose rate (D) in nGy/h is calculated using the
following formula:
D ¼ ð0:462 CU þ 0:604 CTh þ 0:0417 CKÞ nGy=h (4)
where, CU, CTh and CK are the activity concentrations of
238U,
232Th, and 40K in Bq kg1. Table 1 lists the total dose rate values
which vary from 43.19 to 48.08 nGy/h with the average of
45.19 nGy/h. From the present study, it is clear that all the
absorbed dose rate values in the study area are slightly lower
than the maximum permissible level of 55 nGy/h (UNSCEAR,
2000).
5.4. Annual effective dose equivalent (AEDE)
Naturally occurring primordial radionuclides are present in
various degrees in all media in the environment, including
the human body. Irradiation of the human body from
external sources is mainly by gamma radiation from radio-
nuclides in the 238U and 232Th series and from 40K present in
all soils. Similarly, indoor exposure to gamma rays, mainly
determined by the materials of construction, is inherently
greater than outdoor exposure if earth materials have been
used. When the duration of occupancy is taken into account,
indoor exposure becomes even more significant (UNSCEAR,
2000).
To estimate annual effective doses, the following two pa-
rameters; (a) the conversion coefficient from absorbed dose in
air to effective dose and (b) the indoor and outdoor occupancy
factors are to be taken into account. According to the
UNSCEAR 2000 report (UNSCEAR, 2000), the conversion coef-
ficient from absorbed dose in air to effective dose received by
adults is 0.7 Sv/Gy and the occupancy factor for indoor and
outdoor is 0.8 and 0.2, respectively, i.e. the fraction of time
spent indoors and outdoors is 0.8 and 0.2, respectively. The
annual effective dose equivalent (AEDE) in indoor and out-
door air is determined as follows (UNSCEAR, 2000):
AEDE (indoors) ¼ 45.041 nGy/h  8760 h  0.8
 0.7 Sv/Gy ¼ 0.221 mSv/y
AEDE (outdoors) ¼ 45.041 nGy/h  8760 h  0.2
 0.7 Sv/Gy ¼ 0.055 mSv/y
The calculated indoor and outdoor AEDE values are given
in Table 1. The AEDE values are varying from 0.21 to 0.24 mSv/
y (indoor) and from 0.05 to 0.06 mSv/y (outdoor). The resulting
worldwide average of the annual effective dose is 0.48 mSv/y.
For children and infants, the values are about 10% and 30%
higher, in direct proportion to an increase in the value of the
conversion coefficient from absorbed dose in air to effective
dose (UNSCEAR, 2000).
5.5. Annual gonadal dose equivalent (AGDE)
The activity bone marrow and the bone surface cells
are considered as the organs of interest by UNSCEAR (1988).
Hence, the annual gonadal dose equivalent (AGDE) due to the
specific activities of 238U, 232Th, and 40K is calculated using the
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& Zak, 1982):
AGDE

mSv y1
 ¼ 3:09 CU þ 4:18CTh þ 0:314CK (5)
The AGDE values calculated in this study are given in Table
1 and it range from 304.07 to 336.97 mSv y1 with the average
value 316.72 mSv y1 which clearly indicates that the AGDE
values of all soil samples in the present study are above the
world average value 300 mSv y1 (Xinwei, Lingqing, & Xiaodan,
2006).5.6. Hazard indices (Hex and Hin)
The gamma ray radiation hazards due to the specified radio-
active elements in soil samples are assessed by calculating the
following two hazard indices using the below given relations
(Xinwei et al., 2006):
Hex ¼ CU370 Bq=kg þ
CTh
259 Bq=kg
þ CK
4810Bq=kg
(6)
HIn ¼ CU185 Bq=kg þ
CTh
259 Bq=kg
þ CK
4810Bq=kg
(7)
where, CU, CTh and CK are the activity concentrations of
238U,
232Th, and 40K in Bq kg1. The internal hazard index (Hin) is
used to control the internal exposure to radon and its short-
lived products which are also dangerous to the respiratory
organs (Al-trabulsy, Khater, & Habbani, 2011). The calculated
hazard indices are listed in Table 1. The Hex and HIn values
vary from 0.258 to 0.285 and 0.312 to 0.352, respectively. The
recommended value by UNSCEAR (2000) report for the hazard
indices is less than unity. It is clear from Table 1 that the
hazard indices calculated in this study are well below the
recommended value.5.7. Excess lifetime cancer risk (ELCR)
Most experts agree that even low doses of ionising radiation
can increase the risk of cancerdthis risk becomes clear at
doses above 100mSvdbut by a very small amount. The risk of
cancer increases as the dose of radiation increases. Exposure
to one Sievert of radiation spread out over time is estimated to
increase the lifetime risk of fatal cancer in an average adult by
around 4% and a 0.8% chance of hereditary defect in future
offspring. Excess lifetime cancer risk (ELCR) is calculated using
the below given formula (Chandrasekaran et al., 2014) and
listed in Table 1.
ELCR ¼ AEDEDL RF (8)
where, AEDE, DL, and RF are annual effective dose equivalent,
duration of life (70 years) and risk factor (0.05 Sv1), respec-
tively. For stochastic effects, ICRP 60 uses values of 0.05 for the
public (Taskin et al., 2009). The calculated value of ELCR
ranges from 0.19  103 to 0.21  103. The world average
value for ELCR is 0.29  103 and when compared, the ELCR
values from some of the soil samples in the present study are
closer to the world average value.
Table 3 e Pearson correlation coefficient matrix between primordial radionuclides and radiological parameters.
238U 232Th 40K Ra_eq RLI D AUI AGDE AEDE outdoor AEDE indoor H_ex H_in ELCR
238U 1
232Th 0.15 1
40K 0.15 0.13 1
Ra_eq 0.48 0.70 0.38 1
RLI 0.46 0.67 0.46 1.00 1
D 0.51 0.63 0.47 0.99 1.00 1
AUI 0.51 0.77 0.03 0.94 0.90 0.90 1
AGDE 0.50 0.62 0.50 0.99 1.00 1.00 0.88 1
AEDE outdoor 0.51 0.63 0.47 0.99 1.00 1.00 0.90 1.00 1
AEDE indoor 0.51 0.63 0.47 0.99 1.00 1.00 0.90 1.00 1 1
H_ex 0.48 0.70 0.38 1.00 1.00 0.99 0.94 0.99 0.99 0.99 1
H_in 0.76 0.45 0.34 0.94 0.92 0.94 0.90 0.93 0.94 0.94 0.94 1
ELCR 0.51 0.63 0.47 0.99 1.00 1.00 0.90 1.00 1 1 0.99 0.94 1
All bold values highlight the strong correlation among parameters.
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environments in the world
Table 2 presents the comparative data found in the literature.
The average values of the radiological parameters reported in
this study are higher than that of Industrial dumpsites soils
(Ademola, Ayo et al., 2014), soils around Olode mining site
(Nwankwoa, Ogundarea, & Folleya, 2015), cement factory
(Usikalu, Akinyemi, & Achuka, 2014), and soils around petro-
leum industry (Hajer Hrichia, Baccoucheb, & Belgaied, 2015).
However, the results of present study show lower values as
comparedwith the soils around aluminium industry (Ademola
& Olatunji, 2013), gold mining (Augustine Kolapo Ademola,
Bello, & Adejumobi, 2014), fertilizers factories (Sahu, Ajmal,
Bhangare, Tiwari, & Pandit, 2014), quarry (Gbenu et al., 2015),
Komu mining (Nwankwoa et al., 2015), petroleum waste (Al-
Saleh & Al-Harshan, 2008), uranium mining area (Karunakara
et al., 2014) and world average values (UNSCEAR, 2000) as well.6. Statistical analyses of the data
6.1. Pearson's correlation coefficient analysis
To understand the mutual relationships and degree of associa-
tion that may exist among the measured radiological parame-
ters are assessed using Pearson's correlation coefficient analysis
and the results are given in Table 3 as linear correlation matrix.Fig. 2 e Dendogram shows the clustering radiological
parameters.The strong positive correlation coefficient is observed be-
tween 232Th and radiological parameters and a positive cor-
relation is found in 238U with the radiological parameters.
Hence, these relationships show that 238U and 232Th radio-
nuclides contribute to the emission of gamma radiation in all
the locations. However, these radiological parameters have a
week correlation with 40K. Similar trend has been reported by
Ravisankar et al. (2014). It is also found that 238U is negatively
correlated with 232Th and there is a very week correlation
between 238U and 40K.
6.2. Cluster analysis
Hierarchical Cluster Analysis (HCA) is a multivariate statisti-
cal analysis which is used to classify the objects of the system
into groups based on their similarities and to find an optimal
grouping for which the observations or objects within each
group are similar, but the groups are dissimilar from each
other. In this study, HCA with average linkage method is
further employed to explore the associations between radio-
activity and radiological parameters. Three clusters are
distinguished (Fig. 2): the first cluster is primarily composed of
238U, 232Th, D, RLI, AUI, AEDE (both outdoor and indoor), ELCR,
Hex and Hin, the second cluster consisted of Ra_eq and main
radiological parameters; and the third cluster of 40K andAGDE.
This cluster analysis reveals that all the radiological parame-
ters (except Ra_eq and AGDE) in the study area are due to the
concentrations of 238U and 232Th. The dose absorbed by the
human beings is due to the concentration of 232Th. The con-
centration of 40K does not contribute to any radiological pa-
rameters other than AGDE in the study area.7. Conclusion
The activity concentration of 232Th is higher by a factor of 1.33
whereas both, 238U and 40K, are lower by a factor of 0.62
compared with that of world average value. Pearson correla-
tion analysis shows a positive correlation between the radio-
logical parameters and bothwith 238U and 232Th. This indicates
that 238U and 232Th radionuclides contribute to the emission of
gamma radiation in all the locations of the study area. This is
also further confirmed by the hierarchical cluster analysis as
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 4 4 9e4 5 6 455most of the radiological parameters are clustered with the ra-
dionuclides of 238U and 232Th. Among the various radiological
hazard parameters, radium equivalent, absorbed dose, annual
effective dose, internal hazard index and external hazard
index are well below the stipulated values given byUNSECEAR.
However, activity utilization index and annual gonadal dose
equivalent are recorded at a higher level and the values of
representative level index and excess lifetime cancer risk are
closer to the stipulated values given by UNSECEAR.
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